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Abstract: Polyethylene (PE) and isotactic polypropylene (iPP) comprise nearly two-thirds of the 
world’s plastic. Despite their similar hydrocarbon makeup, the polymers are immiscible with one 
another. Thus, common grades of PE and iPP do not adhere or blend, creating challenges for 
recycling these materials. We synthesized PE/iPP multiblock copolymers using an isoselective 
alkene polymerization initiator. These polymers can weld common grades of commercial PE and 
iPP together depending on the molecular weights and architecture of the block copolymers. 
Interfacial compatibilization of phase separated PE and iPP with tetrablock copolymer enables 
morphological control, transforming brittle materials into mechanically tough blends. 
One Sentence Summary: Polyethylene/isotactic-polypropylene multiblock copolymers enable 
welding and composites of the two immiscible polymers. 
Main Text: Polyethylene (PE) and isotactic polypropylene (iPP) are the two most abundantly 
produced plastics worldwide. Over 70 million and 50 million metric tons of PE and iPP, 
respectively, are produced annually (1). The vast majority of PE and iPP are prepared using 
heterogeneous chromium and titanium catalysts (2). Heterogeneous olefin polymerization 
catalysts have a multitude of active sites, each with their own reactivity differences which give 
rise to polymers of different molecular weights, molecular weight distributions, and 
microstructures (3). In the case of PE and iPP, these differences and their phase separation 
inhibit interfacial adhesion and erode the mechanical properties of melt blends (4). Roughly 5% 
of the value is retained when these plastics are recycled, typically into lower-value products as a 
result of sorting expenses and degraded physical properties (5). Compatibilizers open 
opportunities for upcycling recovered PE/iPP into equal or higher value materials with lower 
sorting costs (6, 7). Since PE and iPP are immensely important economically (ca. > $200 billion 
in annual sales, worldwide), strategies to combine these materials may have significant potential 
to impact sustainability and the economy. 

Single-site metallocene catalysts have been developed and commercialized to produce 
polyolefins with a more uniform molecular composition (8). These polymers demonstrate 
distinct physical properties from their heterogeneous counterparts, such as the ability to form 
interfacial welds (9). Many non-metallocene single-site catalysts have also been developed, some 



of which demonstrate living character for olefin polymerization as well as precise control over 
the molecular weight, stereochemistry, and architecture of the resulting polymer (10, 11). 

Strategies to compatibilize iPP and PE all rely on the addition of large amounts (≥10%) 
of additives, typically amorphous polymers (12-14). We became interested in how block 
copolymers of PE and iPP would behave as additives in commercial heterogeneous grade 
polyolefin materials. Despite the simplicity of this idea, we are aware of only a single example of 
a well-defined semicrystalline polymer combining blocks of PE and iPP. Busico and coworkers 
used a modified C2-symmetric zirconium catalyst to synthesize a PE-b-iPP diblock copolymer 
(15, 16). The iPP block was shown to be remarkably stereoregular (m4 = 99%; Tm = 151 °C) and 
polymerization well controlled (Ɖ = 1.3), but molecular weights were relatively low (Mn = 22 
kg/mol). Experimental results revealed that the catalyst underwent β-hydride elimination, 
resulting in limited chain-growth and accessible architectures. As part of our longstanding 
interest in living olefin polymerization, we sought to develop improved catalysts with longer 
lifetimes capable of producing higher molecular weight PE/iPP diblock and multiblock 
copolymers. 

Pyridylamidohafnium catalysts are active for the high temperature production of high 
molecular weight iPP (17) and chain-shuttling polymerization (18). We recently described the 
optimization of a pyridylamidohafnium catalyst (1) for the controlled isoselective polymerization 
of propylene (19). We report the use of the catalyst to produce high molecular weight iPP-b-PE 
diblock and multiblock copolymers with precise control of block length (Fig. 1). 



  
Fig. 1. Synthesis of PE/iPP block copolymers. The structure of isoselective 
pyridylamidohafnium catalyst (1)/B(C6F5)3 and the controlled polymerization of olefins to 
ethylene/propylene multiblock copolymers. After quenching with methanol, hafnium end groups 
were protonated. Molecular weights (Mn) and dispersities (Ð = Mw/Mn) were determined using 
size-exclusion chromatography calibrated with polyethylene standards. 
  



The activation of precatalyst 1 with B(C6F5)3 followed by the condensation of propylene 
into the reaction afforded isotactic polypropylene (Fig. 1). Following complete consumption of 
propylene, the introduction of ethylene to the reaction vessel resulted in the formation of iPP-b-
PE diblock copolymer. Number average molecular weights (Mn) increased linearly as a function 
of monomer conversion and were in good agreement with theoretical values, consistent with the 
behavior of a living polymerization (20).  

The molecular weight of the ethylene block was controlled by varying reaction time 
(Table 1, entries 1 and 2) under a constant ethylene feed, while propylene molecular weights 
were tuned by the monomer/catalyst ratio and full conversion. The single melting endotherms 
observed (Fig. S2) are due to regio- and stereoerrors in the propylene block, which lower the Tm 
of the iPP homopolymers to 134 °C (vs. ~165 °C for perfect iPP) which is very similar to the Tm 
of the PE block (135 °C). This was confirmed by quantitative 13C NMR spectroscopy (Fig. S1), 
which showed high stereoselectivity for 1,2-insertion of polypropylene (m4 = 91%), regio-errors 
previously observed with this class of catalysts were also detected (17). Importantly, the NMR 
spectra showed neither detectable vinylidene end-groups, which would arise from β-hydride 
elimination, nor peaks consistent with random ethylene-co-propylene segments; this confirms 
there is minimal tapering in the materials. Consistent with this reactivity, catalyst 1/B(C6F5)3 was 
capable of synthesizing PE/iPP tetrablock copolymers (entries 4 and 5). GPC analysis of aliquots 
taken after complete consumption of the monomers showed that molecular weights increased 
after each monomer addition and molar mass dispersities remained low (Fig. S3), although some 
molecular weight broadening was observed due to precipitation of the insoluble, semicrystalline 
polymer. 

 
Table 1. Properties of PE/iPP block copolymers.a 

 
Owing to thermodynamic incompatibility, weak van der Waals interactions, and the 

accumulation of amorphous polymer at the junction between melt molded laminates, most 
commercial grades of iPP and PE homopolymers display poor interfacial adhesion (9). We used 
a simple peel test to evaluate adhesion between heterogeneous grade PE and iPP laminates with 
and without the presence of the block copolymer as an adhesive layer (Fig. 2). Rectangular 
plaques of bilayer (PE/iPP) and trilayer (with block copolymer film) were compression molded 
in the melt and then pulled apart while monitoring the peel strength (S, force/sample width). This 
test provided a facile method for comparing the interfacial strength between the molded films. 
We report the results obtained from 100 µm thick block copolymer films, but note that no 
thickness dependence was observed down to 5 µm solvent cast films (Fig. S9). 



Figure 2 shows representative peel test results obtained as a function of block copolymer 
molecular architecture and molecular weight. Laminates without block copolymer peel apart 
easily, (S < 0.5 N/mm). Incorporation of the PP24PE31 and PP73PE50 diblock copolymers increase 
the peel strength to S  ≈ 1 N/mm and S  ≈ 3 N/mm, respectively. Increasing the molecular weight 
of both blocks beyond a threshold value leads to a dramatic change in the failure mechanism 
from adhesive failure (low molecular weights) to cohesive failure (fracture, S > 6 N/mm) of the 
PE homopolymer film above about 75 kg/mol as shown in Fig. 2 (Fig. S4, S5). The interfacial 
strength between the diblock and homopolymer films is dependent on the block sizes due to two 
factors. The block copolymer acts as a surfactant, eliminating the thermodynamic driving force 
for amorphous materials to localize at the interface between block copolymer and iPP and PE 
film junctions (9). In some respects, the block copolymer acts as a type of macromolecular 
welding flux material. Secondly, increasing the overall block size enhances interpenetration and 
the number of entanglements between the chemically identical blocks and homopolymers chains 
in the melt state (21, 22). Moreover, we anticipate a threshold molecular weight beyond which 
the polymer block will be able to bridge the amorphous layers associated with the lamellar 
morphology of semicrystalline polymers such as iPP and PE leading to co-crystallization along 
the film interfaces as shown in Fig. 2B and Fig. S15 (21). Lower molecular weight blocks are 
less capable of reaching the homopolymers crystalline lamellae (Fig. 2C) and will be prone to 
chain pull-out, resulting in lower adhesive strength. The welding effect was observed in various 
polyolefin materials (Fig. S7) and only with semi-crystalline block polymer adhesives (Fig. S8). 



  
Fig. 2. Peel strength between commercial PE/iPP with various block copolymers. 
Rectangular sheets (0.6 cm by 6 cm, 340 µm thick) of PE/iPP were laminated in the melt at 180 
°C with and without PE/iPP block copolymer layers (100 µm thick) and pulled apart at 10 mm / 
min. Specimens were investigated with SEM imaging after testing (Fig. S6). Proposed models to 
explain adhesive differences of (A) tetrablock, (B) high Mn diblock and (C) low Mn diblock 
copolymers. Block copolymers are in multiple lamella (40-70 nm) (Fig. S17); first layer is 
shown. Stars indicate that PE films break or deform rather than undergo delamination.  



The PP36PE20PP34PE24 tetrablock copolymer also exhibits extraordinary adhesive strength 
evidenced by cohesive failure (Fig. 2A), seemingly contradicting these arguments, as all the 
blocks are well below the threshold molecular weight required for cohesive failure with diblocks. 
We invoke a different mechanism for this result. A tetrablock molecular architecture ensures that 
half the iPP and PE blocks are flanked by the thermodynamically incompatible counterparts. 
This implies that interfacial mixing during melt compression produces entangled loops that 
effectively stitch together the homopolymers and block copolymer films upon crystallization 
when the laminates are cooled as illustrated in Fig. 2A. Similar arguments account for the 
enhanced toughness of bulk multiblock versus triblock polymers (23, 24). Consistent with this 
line of reasoning, the PP36PE20PP34PE24 tetrablock copolymer is microphase separated up to 260 
°C as shown by rheological measurements (Fig. S17). 

Challenges of recycling mixed polyolefin municipal waste (typically 70:30 PE:iPP) are in 
part due to interfacial phase separation leading to poor mechanical properties (5-7). Since 
specialty grades of PE and iPP can be blended to improve impact and crack resistance, the 
effective compatibilization of heterogeneous grade polyolefins may allow an upcycling of plastic 
wastes into higher value materials (12). Figure 3A shows the morphology obtained from a 
heterogeneous grade polyolefin blend containing 70 wt% PE and 30 wt% iPP and Fig. 3B 
illustrates the consequences of adding 5 wt% of tetrablock PP60PE80PP75PE90 to this mixture. 
Interfacial activity of the block copolymer is evidenced by a reduction in the average droplet size 
from 2.2 µm to 0.55 µm with the addition of the tetrablock copolymer; similar results were 
obtained with other architectures (Figs. S11-S14). 

Individually, the pure iPP and PE display ductility and strain hardening when pulled in 
tension at room temperature (Fig. 3C). Blending the two components leads to a phase separated 
material and drastic reduction in strain at break (εb = 12% versus 300% and 800% for iPP and 
PE, respectively). Addition of 5 wt% PP60PE80PP75PE90 raises εb = 600%, due to the combined 
effects of interfacial adhesion, reduced particle size, and efficient stress transfer between phases 
(Fig. S16). With just 1% of this tetrablock copolymer εb = 450%, while addition of 1 wt% of the 
corresponding diblock copolymer, PP60PE80, which leads to a modest improvement, εb = 90%. 
The low molecular weight tetrablock polymer PP36PE20PP34PE24 exhibited similar properties as 
did other PE:iPP ratios (Fig. S18). 
  



 
Fig. 3. Uniaxial tensile elongation of PE/iPP materials and blends. (C) Materials were melt 
blended at 190 °C without block copolymer (black) or with 1 wt% diblock (green), tetrablock 
(orange), or 5 wt% tetrablock (purple) then compression molded into tensile specimens at 180 
°C, and strained at a rate of 100 %/min (Fig. S10). TEM images of PE/iPP blends show droplet 
morphology (A) without block copolymer and (B) with 5 wt% tetrablock copolymer. 
 

In conclusion, we have developed a catalyst system capable of synthesizing semi-
crystalline PE/iPP multiblock copolymers with precise control over block length and 
architecture. These macromolecules form strong interfaces with commercial PE and iPP when 
properly designed. Two molecular mechanisms are proposed to explain the molecular weight 
dependence of diblock copolymer adhesion and the behavior of tetrablock copolymers with 
relatively short blocks. The interfacial strength translates into control over morphology and 
mechanical toughness in melt blends of commercial PE and iPP, blends that are otherwise brittle 
at a ratio found in the municipal waste stream.  
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